Abstract: After the founding of P. R. China, land use in rural China was organized under two successive paradigms: state-directed collectivization from 1958-1984 (the Collective Era), and privatization after 1984 (the Household Land Contract Period, HLCP). Taking Nileke County of Xinjiang as a case study, this research analyzed the livelihood changes of agro-pastoralists over the two periods using quantitative household livelihood assets-financial, physical, natural, human, and social capital-as indicators. Using annual series data of the five livelihood capitals, a comprehensive livelihood assets index (CLAI) was calculated by two-stage factor analysis. Higher CLAI scores meant better living and reduced poverty for agro-pastoralists. Quantitative results were validated and detailed with semi-structured household interviews. The results showed that CLAI slightly increased during the HLCP in comparison to the Collective Era, mainly due to increases in financial and physical capital. In contrast, natural and social capital showed downward trends, indicating that alleviation of poverty came at the cost of natural resources and social justice. Natural capital was the main contributor to agro-pastoralist livelihoods during the Collective Era, but diminished and was replaced by financial capital during the HLCP. Based on the findings, we put forward policy suggestions to improve community land management and sustainable livelihoods as part of future poverty alleviation efforts.
Introduction
The international extreme poverty line is 1.9 U.S. dollars (USD) per person per day [1] , but this simplified standard has been controversial. Some argue that poverty standards should be defined according to fair distribution of resources and social security [2] . Global poverty is predominantly a rural problem, and China's impoverished population is overwhelmingly and increasingly located in rural areas [3] . Given China's economic growth and declining poverty rates, it is vital to reevaluate rural poverty and its evolution so that it can be adequately addressed.
Since the founding of the People's Republic of China (China) in 1949, there have been two successive land tenure paradigms in rural areas: the Collective Era from 1958 to 1984 and the Household Land Contract Period (HLCP) after 1984. During the Collective Era, agricultural production was organized and directed in large agricultural collectives with shared property rights and benefits. During the HLCP, privatized use rights were allocated to individual households. While these property regimes were principally designed for China's wetter and more populated eastern crop farming areas, they were also enforced in the more arid and topographically rugged pastoral (livestock-based) areas in the west and north, where communal land tenure historically dominated [4] .
Livelihoods and Agricultural Production in Pastoral China
Crop agriculture and pastoralism were historically geographically distinct, with crop cultivation concentrated in the river valleys and humid southern and eastern lowlands, while pastoralism dominated the more arid areas in the north and the cold highlands in the west. There is, however, a transition zone where the two productions systems overlap to create agro-pastoral areas [26] . The agro-pastoral zone runs northeast to southwest, with an area of 129,600 km 2 , accounting for 13.5% of China's land area [22] . China's agro-pastoral production is mainly distributed in three areas: southern Inner Mongolia, the eastern Tibetan Plateau, and the Yili Valley in western Xinjiang [27] . These areas are especially important for the study of rural livelihoods, as the government has promoted crop agriculture in formerly livestock-dominated areas as one way to improve household income in the face of increasing population density and declining pasture availability per capita. Agro-pastoralism is particularly interesting in light of changing land tenure policies given the evidence that land privatization has less benefit for pastoralism than for crop production [28] . It is important to know whether privatization has improved livelihoods in agro-pastoral zones as it has in pure farming areas, or whether it has caused significant harms as it has in pure pastoral areas.
The adoption of crop agriculture by pastoralist communities in Xinjiang is at least partly a result of state military activity that began in imperial times. After the founding of PR China and broad state intervention during the Collective Era, including transportation and irrigation construction, agriculture was increasingly promoted in pastoralist regions. In the HLCP, extensive livestock grazing has been hampered by the erosion of pasture access systems and social structures that supported seasonal migration of livestock herds (transhumance) [29] . Some former livestock herders no longer retain sufficient resources to maintain viable herds and cannot generate equivalent earnings from alternative agricultural livelihoods [30, 31] .
Livelihood Assets Framework
To assess changing rural livelihoods in the agro-pastoral area over time, this study applied the Sustainable Livelihoods Framework (SLF) to an agro-pastoral county in Yili Valley of Xinjiang. The SLF emerged out of a new "livelihoods" approach to rural development that focused on the ways that the rural poor actually earn a living and build meaningful lives, and was partly inspired by Chamber and Conway's [32] influential work [33] . The SLF proposed that the rural poor attempt to improve their livelihoods through expansion or intensification of agriculture, diversification of income streams, or migration, or a combination of these [34] . It also outlined a range of resources (or assets, capitals) which could be drawn on to develop livelihoods; these assets later became standardized into five types of capitals: financial, physical, human, natural, and social capital [35] . Counterbalancing prior economistic approaches that focused on financial and physical capital, the sustainable livelihoods approach [33] often emphasized aspects of social capital, including the importance of cultural values and group dynamics in selecting livelihood strategies [36] , and how social network connections and political power mediate access to other resources [37] .
The SLF is helpful for analyzing the lives of the poor to understand the factors limiting their economic advancement. It has been widely applied to analyze development opportunities and poverty from the micro to macro level, and particularly for designing or evaluating economic development interventions [38] . Research has shown that evaluating livelihood assets illuminates the conditions that do or do not allow households to escape rural poverty. For example, poor farmers were found to be more dependent on natural capital than wealthy ones [39] , while the income level of Peruvian farmers was inversely related to the availability of nature resources [40] . An expansion of the labor force (part of human capital) can drive farmers to take up more non-agricultural activities, thus diversifying their livelihoods and alleviating poverty [41] , whereas households with reduced human capital (e.g., divorced or widowed female-headed households) often face difficulties [42] . Livelihoods and poverty of a region can be assessed quantitatively via a comprehensive index of livelihood assets integrating financial, physical, natural, human and social capitals [43] [44] [45] [46] . This study hypothesized that livelihood assets were influenced by the collective or private land use and production in light of other factors. By using the livelihood assets index combined with historical statistical data and in-depth interviews (2015-2016), we assess how the five livelihood capitals of agro-pastoral communities in Nileke County in Yili Valley, Xinjiang changed over time from the Collective Era to the current HLCP. We used factor analysis to calculate five livelihood capital factors independently and further calculated the comprehensive livelihood assets index (CLAI) to measure changes. Higher CLAI meant a greater supply of livelihood assets for agro-pastoralists and thus better living. Based on the factor score coefficients, key capitals influencing agro-pastoralists' livelihoods in each of the two periods were analyzed. Insights from fieldwork flesh out the discussion of livelihood impacts from changes in land use and production, combined with other factors. Research results indicate not only whether regional development and land use policies aimed at reducing rural poverty have been effective, but also suggest why and how negative outcomes (such as grassland degradation) have occurred. The results suggest policy recommendations for land use and agro-pastoral production that would benefit rural livelihoods.
Materials and Methods

Study Areas
Xinjiang's Yili Valley agro-pastoral zone is stratified by elevation, transitioning from semi-arid agriculture at elevations below 1000 m to humid alpine meadow pasture above 1000 m. The annual precipitation below 1000 m is 400-500 mm and annual accumulated temperature is about 3000 • C [47] . With relatively abundant snowmelt from the Tianshan Mountains, the valley's lowlands and riparian corridors provide a significant share of Xinjiang's irrigated agriculture. The middle and upper regions of the mountains are humid alpine meadow grassland that has been used for extensive livestock grazing (mainly sheep, but also cows, goats, horses, and some camels) for thousands of years. The Yili Valley is a typical example of the agro-pastoral zone, with highly productive pastoralism and agriculture.
The Kazakh people have a long history of agriculture and livestock production in Yili Valley. Kazakh agriculture in this region has been recorded back to the 16th century. As the Kazakh traditionally practiced transhumance (moving herds to higher mountain pastures in the summer and back down to lowlands in the winter), they historically plowed and sowed seeds before leaving winter pastures, and returned to harvest crops in the autumn [22] . Subsequent state military reclamation projects, immigration of Han and Hui Chinese from eastern China, and nomad sedentarization schemes increased the local population and food demand, driving agricultural expansion and intensification [48] . The region experienced the Collective Era and the Household Land Contract Period (after 1984) much as did elsewhere in pastoral western China, including development of new farmlands under the People's Communes. National nomad sedentarization schemes were rolled out around 2009, which promoted the establishment of permanent villages within pastoral areas by building schools and hospitals and subsidizing construction of houses and livestock barns [49] . Sedentarization and winter livestock feeding in pens was thought to promote investment and economic development under a privatized production model.
Nileke County is located on the western slope of the Tianshan Mountains in the headwaters of the Yili River, in the Yili Kazak Autonomous Prefecture. Pastoralism and agriculture coexist in Nileke County, and the former plays a dominant role. Nileke County has a population of 189,000 and about one million ha of land, of which 678,000 ha are natural pasture and 38,000 ha are farmland. At the end of 2015, agro-pastoralists in the county owned 625,000 sheep, 196,000 cattle, 63,000 horses, and 23,000 goats, for a total of 1.94 million sheep units, with 83% of all stock being female [50] . The main crops were historically wheat, corn, and flax, with an increase in forage crops in recent We selected two case study villages, T Village in the western part and W Village in central Nileke County (Figure 1 ). In 2015, there were 423 households with 1803 people in T Village, and Kazakhs accounted for more than 90% of the population (village statistics). Natural pasture area was about 10,667 ha, divided into three seasonal pasture areas: spring-autumn, summer, and winter pasture. Farmland area is about 720 ha. W Village had 558 households with 2273 people, of which 50% were Kazakhs. Natural pasture area is about 9333 ha, also divided into three seasonal pastures. Farmland area is about 504 ha. The main cash income for agro-pastoralists is from livestock sales rather than agriculture.
female [50] . The main crops were historically wheat, corn, and flax, with an increase in forage crops in recent years, especially alfalfa. In 2015, the top three crops were wheat (132,000 tons), corn (93,000 tons) and alfalfa (29,000 tons). Earnings from livestock totaled 297.4 million USD, while crop earnings totaled 114.1 million USD. In 2015, net per capita income in Nileke County was 1833 USD [51] , around half the national average of 3477 USD [52] . As such, Nileke is a good example of an impoverished rural county in China.
We selected two case study villages, T Village in the western part and W Village in central Nileke County (Figure 1 ). In 2015, there were 423 households with 1,803 people in T Village, and Kazakhs accounted for more than 90% of the population (village statistics). Natural pasture area was about 10,667 ha, divided into three seasonal pasture areas: spring-autumn, summer, and winter pasture. Farmland area is about 720 ha. W Village had 558 households with 2,273 people, of which 50% were Kazakhs. Natural pasture area is about 9,333 ha, also divided into three seasonal pastures. Farmland area is about 504 ha. The main cash income for agro-pastoralists is from livestock sales rather than agriculture. Prior to collectivization in the 1950s, most people in both T Village and W Village had no permanent homes, instead moving seasonally with their herds and living in yurts. During the Collective Era, more grazing land was converted to farmland. The sites of the current villages were near their spring-autumn pastures. Land and people were aggregated into People's Communes, Prior to collectivization in the 1950s, most people in both T Village and W Village had no permanent homes, instead moving seasonally with their herds and living in yurts. During the Collective Era, more grazing land was converted to farmland. The sites of the current villages were near their spring-autumn pastures. Land and people were aggregated into People's Communes, with farming and livestock grazing allocated to production teams. Each village (production brigade) contained 1-2 livestock grazing teams and one agriculture team. Members of livestock grazing teams used summer, winter and spring-autumn pastures collectively, grazed sheep, cattle, goats, and young animals in different groups, and were responsible for building and cleaning shelters, milking cows, and cutting hay. Members of agriculture teams were in charge of farming. Both crops and livestock products were shared across the whole village.
During the HLCP, collective ownership of land was retained by the village but use rights were privatized. In T Village, land use rights were allotted first to groups and later (in the 1990s) to individual households, while in W Village, land use rights were individualized in 1984. Herding was managed in groups of 8-10 households or individually, though with significant conflict over pasture use. Livestock and farm equipment from the production teams were divided and allocated to individual households as private property in 1984, and every household was responsible for tending and selling livestock and farm products, retaining all profits. Privatization narrowed the production scale to the household level, which increased production enthusiasm of each family and improved income levels ( Table 1) . Construction of permanent houses and barns expanded rapidly in both villages after 2009. Government subsidies covered part of the construction costs and the remainder were paid with bank loans, which represented the first use of formal credit for many households. Construction of primary schools in the two villages was responsible for the increase in education rate. 
Data Collection
Annual data for the factor analysis were drawn primarily from government statistics from 1958 to 2015 and related sources. The time period was selected to include the Collective Era and HLCP up to the most recent available data.
Livelihood asset indicators were selected based on the need to account for all five capital categories (financial, physical, human, natural, and social) from the SLF, within the constraints of available data. Indicators were selected based on association with the land privatization process. Bank deposits, loans, livestock, and agricultural products were selected as the main forms of financial capital. Farm machinery and infrastructure such as house construction, tap water, and irrigation canals were selected to represent physical capital. Natural capital included pasture area, farmland area, net primary productivity (NPP), and irrigation water supply, factors necessary for production of saleable crop or animal products. Human capital included indicators of pastoral and agriculture labor supply, while social capital included economic inequality (Gini coefficient), the relative abundance of local government officials, the number of production cooperatives, and cooperation between farmers and herders. 22 livelihood asset indicators were identified (Table 2) , with each asset category having 4-5 indicators. Indicators were continuous except canal construction and agro-pastoral cooperation, which were nominal. The ratio of pastoral labor to agricultural labor reflects the relative labor pool Field research was completed in 2015-2016, using semi-structured interviews with agro-pastoral households in T Village and W Village. Interviewees were selected by researchers with help from local guides using a non-statistically representative stratified sampling protocol accounting for income, age, and livelihood type. 60 households in T Village and 83 households in W Village were interviewed, more than 15% of the total household number. Interviews were conducted on a saturation basis, with interviews being added until no new trends or patterns were revealed. Interview topics were mainly about family livestock grazing and farming production, living condition, and natural resource use. Interviews focused on differences in land tenure/use and production mode between the two tenure periods and on perceptions and opinions of environmental and social changes. Interviews collected both qualitative and quantitative data not available elsewhere, including local history, accounts of change, and explanations of causation. Additional interviews of local government officials provided overall information on Nileke County. 
Analytical Methods
Correlation Analysis of Livelihood Asset Indicators
This study focused on the change in livelihood assets over the two periods, which was analyzed using factor analysis. Correlation analysis was performed before the factor analysis of five types of livelihood assets, using a correlation coefficient matrix to test the correlation between each indicator. Statistically, the absolute values of the correlation coefficients are determined to be uncorrelated (lower than 0.3), weakly correlated (0.3-0.5), moderately correlated (0.5-0.8), or highly correlated (higher than 0.8) [57] . Factor analysis can be used when most variables are significantly correlated; that is, they have a correlation coefficient higher than 0.5 and a significance level lower than 0.1 [58] .
Most of the livelihood asset indicators were significantly correlated ( Table 3 ). The correlation coefficient for more than 80% of the indicators were higher than 0.5, and were significantly correlated, which met the conditions of factor analysis. 
Factor Analysis of Livelihood Assets Indicators
Factor analysis is used to describe latent basic variables that cannot be directly measured. Based on a covariance matrix, the original variables are grouped according to the correlation coefficient. Each group of variables is represented by an unobservable latent variable, known as a common factor, which reflects the main information of the original variables.
The livelihood assets of financial, physical, natural, human and social capital in Nileke County in the Collective Era and HLCP, regarded as latent variables, were analyzed under two-stage factor analysis using SPSS.22. First, factor analysis was applied to acquire one (or two) common factors (F) for each livelihood capital to show the separate trend of each livelihood capital. Second, factor analysis was applied to acquire a single combined livelihood assets factor, the comprehensive livelihood assets index (CLAI), from the five common factors, and the contribution rate of each livelihood asset factor. The CLAI reflected agro-pastoralists' livelihoods; a higher index meant a greater supply of livelihood assets and, presumably, better quality of life. The most important livelihood capitals in the two periods were identified by the index score coefficient.
Livelihood asset X is made up of random vectors X (X1, X2..., Xp) that can be observed. F is a set of common factors of livelihood assets, F = (F1, F2...Fm) (m < P). F fits covariance matrix cov(X) = 1, which means F1, F2...Fm are independent of each other. ε is a specific factor, ε = (ε1, ε2 . . . , εm) are independent of F.
The Factor Model is expressed as a linear combination of the common factor F:
The matrix form of the Factor Model is: X = AF + ε. A is a factor loading matrix, including the correlation coefficient of common factors.
Conversely, common factor F can also be expressed as a linear combination of the variables X in Factor Score Function. Fi can be calculated by:
where βip is the score coefficient of common factor Fi in original variable Xp. The larger absolute value of βip means greater influence of original variable Xp to common factor Fi.
Results
Quantitative Analysis of Livelihood Assets
Factor analysis was applied to the 22 financial, physical, natural, human and social capital indicators to reduce the specific, observed indicators to a smaller number of categorical common factors (F). The four original indicators of financial capital were replaced by two common factors (Ff1, Ff2), covering 96.80% of the original variable information. Agricultural output per capita, loans and deposits per capita are closely correlated with Ff1, while livestock per capita is closely correlated with Ff2. So Ff1 mainly represents economic activity in cash, and Ff2 represents livestock capital, which was the most important determinant of wealth for agro-pastoralists. The two financial common factors (Ff1, Ff2) were combined into Ff according to the variance contribution rate. The five original indicators of physical capital were replaced by one common factor (Fp), covering 83.59% of the original variable information. The four original indicators of natural capital were replaced by one common factor (Fn), covering 74.74% of the original variable information. The five original indicators of human capital were replaced by one common factor (Fh), covering 85.46% of the original variable information. The four original indicators of social capital were replaced by one common factor (Fs), covering 84.51% of the original variable information (Table 4) .
Comparing the average value of five livelihood common factors-Ff, Fp, Fn, Fh, Fs-over two periods (Table 5) , financial, physical and human capital were higher during the HLCP than during the Collective Era, while natural and social capital was lower in the HLCP. Figure 2 graphed the annual variation of the five common factors Ff, Fp, Fn, Fh, Fs. These factors did not change suddenly in the mid-1980s, but showed an upward or downward trend between the Collective Era and HLCP. The score coefficients of the common factors Ff, Fp, Fn, Fh, and Fs were shown in Table 6 . In financial capital, livestock capital had the greatest influence on Ff during the Collective Era, during which time loans and deposits were uncommon. However, in the HLCP, the influence of livestock capital became the weakest influence, and cash capital such as loans and deposits played a bigger role in agro-pastoralists' financial livelihoods. In physical capital, rural construction area, family fixed investment and agricultural machinery had significant influence on Fp in both periods. Tap water and canal construction were increasingly important in the HLCP, as part of the development of irrigated agriculture. In natural capital, pasture area had the largest influence on Fn over both periods, but the influence of NPP decreased in the HLCP. In human capital, the influence of education on Fh increased significantly in the HLCP, while the influence of the size of the labor force decreased. Non-agro-pastoral labor had relatively small influence on Fh, while the ratio of pastoral labor to agricultural labor played a key role. In social capital, all four indicators were similarly influential on Fs. Government officials' population (the scale of government officials in total population, which reflects administrative influence on social management) was the most influential indicator during the Collective Era, while the rural Gini coefficient became the biggest influence in the HLCP. Agro-pastoral cooperation was an important indicator over both periods. The score coefficients of the common factors Ff, Fp, Fn, Fh, and Fs were shown in Table 6 . In financial capital, livestock capital had the greatest influence on Ff during the Collective Era, during which time loans and deposits were uncommon. However, in the HLCP, the influence of livestock capital became the weakest influence, and cash capital such as loans and deposits played a bigger role in agro-pastoralists' financial livelihoods. In physical capital, rural construction area, family fixed investment and agricultural machinery had significant influence on Fp in both periods. Tap water and canal construction were increasingly important in the HLCP, as part of the development of irrigated agriculture. In natural capital, pasture area had the largest influence on Fn over both periods, but the influence of NPP decreased in the HLCP. In human capital, the influence of education on Fh increased significantly in the HLCP, while the influence of the size of the labor force decreased. Non-agro-pastoral labor had relatively small influence on Fh, while the ratio of pastoral labor to agricultural labor played a key role. In social capital, all four indicators were similarly influential on Fs. Government officials' population (the scale of government officials in total population, which reflects administrative influence on social management) was the most influential indicator during the Collective Era, while the rural Gini coefficient became the biggest influence in the HLCP. Agro-pastoral cooperation was an important indicator over both periods. 
Quantitative Analysis of Livelihood Level
Factor analysis was carried out to replace the common factors for the five livelihood capital categories (Ff, Fp, Fn, Fh, Fs) with a single comprehensive livelihood assets index (CLAI). The load coefficient values in Table 7 represent the variance contribution rate of five livelihood common factors to CLAI, which covered 76.61% of the variance in the livelihood common factors. Comparing the average value and growth rate of CLAI in the Collective Era and HLCP, the average value had increased from 0.808 in the Collective Era to 0.944 in the HLCP. The inter-annual variability of CLAI also showed a slight upward trend between the Collective Era and HLCP (Table 8, Figure 2 ). This change can be interpreted as a decrease in poverty and an increase in living level for agro-pastoralists over time. The score coefficients of CLAI (Table 9, Figure 3 ) indicate that natural capital strongly influenced agro-pastoralist poverty during the Collective Era, but the influence was significantly weakened in the HLCP. The influence of financial and physical capital on poverty gradually increased over the two periods. Table 9 . Ratio of score coefficients of CLAI (%).
Livelihood Common Factors
Ratio of Score Coefficients of CLAI (%)
Collective Era HLCS Period Comparing the average value and growth rate of CLAI in the Collective Era and HLCP, the average value had increased from 0.808 in the Collective Era to 0.944 in the HLCP. The inter-annual variability of CLAI also showed a slight upward trend between the Collective Era and HLCP (Table 8, Figure 2 ). This change can be interpreted as a decrease in poverty and an increase in living level for agro-pastoralists over time. The score coefficients of CLAI (Table 9, Figure 3 ) indicate that natural capital strongly influenced agro-pastoralist poverty during the Collective Era, but the influence was significantly weakened in the HLCP. The influence of financial and physical capital on poverty gradually increased over the two periods. 
Findings from Household Interviews
Financial capital significantly increased over time, partly reflecting increased household income. The main source of income for all households in the two villages was livestock sales. In the years we conducted the survey, livestock income accounted for 66% and 72% of the total income in T Village and W Village, respectively. Other sources of income included renting grazing land and labor, selling livestock products such as milk and wool, government subsidies, and wage work (Figure 4 ). Only 1 household earned a majority of income from farming (by renting 240 ha of farmland to grow high-value medicinal herbs). For most households, the area for farming was too small and common crop prices too low. 52% of families claimed to be poor families with less than 50 livestock, and 3 households with no livestock rented out their pasture. Livestock ownership was limited by availability of herding labor and episodes of financial problems that forced selling off 
Financial capital significantly increased over time, partly reflecting increased household income. The main source of income for all households in the two villages was livestock sales. In the years we conducted the survey, livestock income accounted for 66% and 72% of the total income in T Village and W Village, respectively. Other sources of income included renting grazing land and labor, selling livestock products such as milk and wool, government subsidies, and wage work (Figure 4) . Only 1 household earned a majority of income from farming (by renting 240 ha of farmland to grow high-value medicinal herbs). For most households, the area for farming was too small and common crop prices too low. 52% of families claimed to be poor families with less than 50 livestock, and 3 households with no livestock rented out their pasture. Livestock ownership was limited by availability of herding labor and episodes of financial problems that forced selling off herds. Major household expenditures were living costs (52%), including weddings and medical fees. Production costs accounted for 48% of household expenditures, and livestock costs such as buying forage, paying herders to graze herds, and renting pasture were significantly greater than agricultural costs (Figure 4) . The significant rise in Ff around 2010 ( Figure 2 ) correlates with the onset of home and barn construction, instigated by nomad sedentarization schemes. House and barn construction were paid for with bank loans, the first time that formal credit was used by most households. The use of winter pen/barn feeding required the purchase of additional fodder, which was also often paid for with bank loans. The sedentarization program thus stimulated an initial debt and subsequent annual debts. The continuous increase in Fp and Fh were also attributed to the influences of private production and sedentarization programs, which promoted production facilities and primary school construction, increasing the educated labor supply.
herds. Major household expenditures were living costs (52%), including weddings and medical fees. Production costs accounted for 48% of household expenditures, and livestock costs such as buying forage, paying herders to graze herds, and renting pasture were significantly greater than agricultural costs (Figure 4) . The significant rise in Ff around 2010 ( Figure 2 ) correlates with the onset of home and barn construction, instigated by nomad sedentarization schemes. House and barn construction were paid for with bank loans, the first time that formal credit was used by most households. The use of winter pen/barn feeding required the purchase of additional fodder, which was also often paid for with bank loans. The sedentarization program thus stimulated an initial debt and subsequent annual debts. The continuous increase in Fp and Fh were also attributed to the influences of private production and sedentarization programs, which promoted production facilities and primary school construction, increasing the educated labor supply. The problems of pasture degradation and significantly reduced social cohesion were clearly expressed during interviews. All interviewees thought that village pastures had degraded over the HLCP, meaning they were less productive and had greater coverage of undesirable plant species. The degradation was most pronounced in the spring-autumn pastures (reported by 71% of interviewees), which were nearest the villages, and was attributed to both reduced rainfall and to overgrazing. The reasons for overgrazing were complex. First, the amount of land allocated to each household was too little, and the establishment of private use rights restricted herd movements, both within and between seasonal pastures. Second, before and during the Collective Era, herding The problems of pasture degradation and significantly reduced social cohesion were clearly expressed during interviews. All interviewees thought that village pastures had degraded over the HLCP, meaning they were less productive and had greater coverage of undesirable plant species. The degradation was most pronounced in the spring-autumn pastures (reported by 71% of interviewees), which were nearest the villages, and was attributed to both reduced rainfall and to overgrazing. The reasons for overgrazing were complex. First, the amount of land allocated to each household was too little, and the establishment of private use rights restricted herd movements, both within and between seasonal pastures. Second, before and during the Collective Era, herding livestock between seasonal pastures was a collective effort that saved labor and provided social support.
After herds were privatized, especially as household herd sizes gradually became unequal, cooperation between households even within the same group decreased. For logistical reasons (e.g., health, school, jobs in town, farm crops to tend) 65% of the households could not migrate with their herds to summer or winter pastures, which in some cases were more than a day's travel away.
The pasture degradation caused by lack of rest from grazing pressure was exacerbated by dramatically increased livestock numbers in recent decades. Numbers had increased for three reasons: (1) With the privatized use of land, household livestock expenses (including seasonal migration and fencing) have increased along with the cost of living, meaning that it now takes far more animals to support a household than in the past. Households who had to sell their herds to pay for weddings or medical fees could rarely afford to rebuild their herds, forcing them into the next situation. (2) Livestock have become a common investment for farmers, who often feed the animals farm products and byproducts in the winter and pay a herder to graze the herds (according to the number of animals) on the herder's land in the rest of the year. The average price in 2015 was 2.4 USD/month/sheep and 15.8 USD/month/cow or horse. Because of the low per-animal payment, relatively high costs associated with seasonal migrations, and high risk of having to repay the owners for sheep that are lost, die from disease, or are killed by wolves, herders normally have to take 300-500 sheep at a time just to turn a profit, far in excess of the number they could legally or sustainably graze on their pastures. Because most households could not afford to fence all their seasonal pastures, and mountain summer pastures were hard to fence, these farmers' herds ate up the pasture of other households, causing conflicts. (3) With neither the traditional tribal structure nor the state-backed authority of the People's Commune leadership, the villages have lost the ability to sanction those members who overgraze their own or others' land.
Discussion
Results from the factor analysis and the household interviews showed that agro-pastoralists' living standards had improved during the HLCP as financial, physical and human capital increased, though natural and social capital decreased sharply. The CLAI showed a slight upward trend between the two periods, roughly in accordance with statistics on household net incomes. By factor analysis, natural capital showed great influence on livelihoods in the Collective Era but became the least important asset category for livelihoods in the HLCP. In essence, agro-pastoralists had improved their material wellbeing at the expense of natural resources and social cohesion.
The influence of livelihood assets on agro-pastoralists' poverty shifted in important ways over time. For example, while livestock is still the primary source of income in both villages, the economics have changed to place a greater influence on the role of financial capital. Partly because there is insufficient grazing land for most herds, most households now pen-feed their livestock with purchased fodder for at least part of the winter. Most households now carry annual bank debt, with loans used to build their village houses and/or barns, buy livestock fodder, for household expenses before livestock are sold, and to cover large expenses (especially weddings and medical fees). In addition, households who have few livestock now shepherd farmers' herds as their primary income source, essentially a combination of wage labor and land rent. The increasing importance of financial capital is both cause and effect of declining natural capital, given the spiral of increasing livestock numbers, declining pasture productivity, and purchased supplemental fodder. This spiral was instigated by the combination of land privatization (low herd mobility, pasture rental) and sedentarization policies (winter pen/barn feeding in the village), which shifted livestock production toward a more intensive model.
While the factor analysis showed that human capital has increased, interview results indicate it was not as important for poverty alleviation as in agricultural zones. Research has shown that increasing the labor force promotes the income of farmers [58] and that increasing the labor force encourages farmers to diversify into non-agricultural activities [41] . In most of the Chinese agricultural zone, increasing population and declining farm economic viability pushed a large number of surplus rural laborers to find higher wages in cities, and rural migrant workers' incomes have gradually become the main source of farm households' income [59] . However, non-agro-pastoral activities are less common in Xinjiang's agro-pastoral zone, and the main source of income for agro-pastoralists is still livestock grazing [60] . This is due to the economic marginalization of western China, and language and cultural barriers of Kazakh minorities making it difficult to work outside the region, despite increasing access to bilingual primary and secondary education. Additionally, while the total labor force has expanded over time, household labor demands have actually increased. As pasture and farmland was distributed to individual households, many households were concurrently engaged in livestock grazing and agricultural work, requiring more labor within the family. The relative labor shortage results in reduced opportunities for agricultural intensification or diversification into non-agro-pastoral work, as is typical in agricultural zones.
Social capital also suffered a loss during the HLCP. Under essentially private land use, capitalist agro-pastoral production, economic differentiation similar to the agrarian transformation model [61] created a gap between rich and poor that broke down mutually beneficial cooperation between households, with negative effects for social justice and community stability. If a household suffered from natural disasters or family misfortune, lack of help outside the family network reduced recovery speed. If the household loses their core reproductive female livestock, they lose the ability to recover by themselves, forcing them to work for someone else to make a living while slowly rebuild their own herd [62] . Land that is ungrazed by poor households without herds is used by wealthy households to expand, enlarging the social gap between rich and poor. Community cooperation has been found to reduce vulnerability to ecological variability [63, 64] , and the influence of agro-pastoral cooperation on household wellbeing was significant in this study. It is possible that rebuilding group-scale cooperation through some new type of agro-pastoral cooperative would optimize the allocation of labor and recreate efficiencies of scale for large-scale production of agriculture and livestock grazing, thereby improving the efficiency of resource use and realizing community common prosperity at last.
Livelihood assets were used here as indicators to measure agro-pastoralists' livelihood levels. While the change over time of CLAI calculated here roughly aligns with statistics on household incomes, the livelihoods approach offers far more insight. The analysis of livelihood assets across the two land tenure policy periods in this study captures the effects of poverty alleviation policies in the region. In this case, the increase in financial capital among agro-pastoralist households came at the expense of natural capital and household resilience, which were exacerbated by declining social capital. Land privatization and sedentarization policies did increase financial capital over time in Nileke County, but the increase is connected to pasture degradation and social conflict, with an increasingly tenuous reliance on loans to cover rising living and production costs.
The livelihood assets indicators aid in the multidimensional measurement of living standards, are more insightful at the community and sub-community scales, and better inform sustainable development solutions. It is encouraging that livelihood asset indicators provide specific, relatively easy to collect, and reliable data sets to serve as indicators for livelihood levels. It is important to note, however, that quantitative methods based on regional or national statistics must be corroborated (or corrected) with community-level research.
Policy Implications
By examining the influence of land tenure and production mode on agro-pastoralists poverty, we found that land privatization has created some problems in the agro-pastoral zone. This finding aligns with the large majority of studies on Chinese pastoral land tenure [14, 56] . The distribution of pastoral and agricultural labor and cooperation between households were key components of agro-pastoralist livelihoods, and growing problems in these areas must be addressed. Grassland vegetation fluctuates due to abiotic variability (e.g., precipitation, temperature), but it evidenced widespread degradation during the HLCP. Developing new modes of cooperative land management and production may improve the current situation.
We recommend the formation of agro-pastoral cooperatives in the agro-pastoral zone, an idea that many interviewees favored. Cooperative members would join their land and labor on the basis of voluntary mutual benefit and risk-sharing to meet the needs for production and development. Cooperatives should have the following characteristics: first, they should be voluntary and mutually beneficial. Agro-pastoralists should have the freedom to join and withdraw from the cooperative. Second, they should be self-managed by the community, with each member retaining the right to participate in decision-making. Third, they should be based on resource and labor sharing. Members share pasture use and labor at a certain scale, and distribute products according to a consensus principle. Fourth, government funds should be allocated for resource protection and risk management. Fifth, cooperatives should have a formal method to sanction (punish) members who violate the rules of the cooperative, backed by village authority. The village must also retain the ability to sanction activities by non-members against the cooperative. Through the form of cooperatives, fragmented pasture resources can be integrated while solving the problem of labor shortage through economies of scale and restoring a cooperative relationship in the community. Group-scale agro-pastoral cooperation needs to be reestablished to improve land use and management, helping to alleviate poverty in a manner sustainable for society and the environment.
Conclusions
This study investigated a type of livelihood (agro-pastoralism) that has received extensive government investment and managerial intervention, but which has an unclear path out of poverty. Privatization has been found to be beneficial for farming communities but negative for pastoral communities in China, and it is not clear which trend will win out in the agro-pastoral zone, where both livelihoods are carried out simultaneously. Results from our factor analysis and household interviews show that agro-pastoralists' livelihood level improved during the HLCP as financial, physical and human capital increased. While material standard of living had improved and monetary income had increased, natural and social capital decreased sharply. In other words, agro-pastoralists improved their financial welfare at the cost of their natural resource base and social cohesion.
During the HLCP, privatized production increased production costs per household, leading to the rapid growth of livestock numbers in order to make ends meet. Greater livestock numbers, combined with pasture loss due to government reallocation of land and reduced livestock mobility due to land fragmentation, are causing degradation of remaining pastures. Sedentarization in villages has led to a more capital-intensive livestock production method which has caused increasing levels of household debt. The government's strategy of expanding crop production to improve rural livelihoods has had no obvious effect due to lack of economies of scale. Now, households concurrently attempting livestock grazing and agricultural work often suffer from labor shortages. Cooperation between households used to be a central feature of Kazakh transhumant pastoralism but has been almost entirely eliminated by private land use and expanding inequality. This lack of mutual aid has significantly reduced household resilience to economic and environmental shocks.
Like farming communities, the agro-pastoralist communities in Nileke County have benefited financially from privatization and state development efforts. However, our results show that agro-pastoralists are also hurt by these processes, much as pastoralists elsewhere in China have been, with similarly negative outcome of nature resource and social stability. The formation of agro-pastoral cooperatives may be capable of mediating sustainable pasture use and economies of scale for future sustainable development in China's agro-pastoral zones. 
